Abstract We recently reported that silica is deposited on the coat of Bacillus cereus spores as a layer of nanometer-sized particles (Hirota et al. 2010 J Bacteriol 192: 111-116). Gene disruption analysis revealed that the spore coat protein CotB1 mediates the accumulation of silica (our unpublished results). Here, we report that B. cereus CotB1 (171 amino acids [aa]) and its C-terminal 14-aa region (corresponding to residues 158-171, designated CotB1p) show strong affinity for silica particles, with dissociation constants at pH 8.0 of 2.09 and 1.24 nM, respectively. Using CotB1 and CotB1p as silicabinding tags, we developed a silica-based affinity purification method in which silica particles are used as an adsorbent for CotB1/CotB1p fusion proteins. Small ubiquitin-like modifier (SUMO) technology was employed to release the target proteins from the adsorbed fusion proteins. SUMO-proteasemediated site-specific cleavage at the C-terminus of the fused SUMO sequence released the tagless target proteins into the liquid phase while leaving the tag region still bound to the solid phase. Using the fluorescent protein mCherry as a model, our purification method achieved 85 % recovery, with a purity of 95 % and yields of 0.60±0.06 and 1.13±0.13 mg per 10-mL bacterial culture for the CotB1-SUMO-mCherry and CotB1p-SUMO-mCherry fusions, respectively. CotB1p, a short 14-aa peptide, which demonstrates high affinity for silica, could be a promising fusion tag for both affinity purification and enzyme immobilization on silica supports.
Introduction
Affinity tags are highly efficient tools for protein purification. A variety of proteins, domains, and peptides have been used as affinity tags to facilitate the purification of proteins of interest from crude extracts (Arnau et al. 2006; Malhotra 2009; Terpe 2003; Waugh 2005) . We previously reported a novel affinity purification method using a silica-binding tag designated "Sitag" Taniguchi et al. 2007) , with inexpensive commercial silica (SiO 2 ) particles serving as the specific adsorbent . The purity and yield achieved with this method are comparable to conventional affinity purification methods (Lichty et al. 2005 ) but at lower cost . Si-tag affinity purification can be used even under denaturing conditions (i.e., 8 M urea), enabling purification of inclusion body proteins . However, the large size of the Si-tag (273 amino acids [aa] ) and high concentration of divalent cations (e.g., 2 M MgCl 2 ) required to elute Si-tagged fusion proteins may negatively affect the intrinsic properties and function of the fusion partner. Another potential disadvantage of the large protein affinity tag is that it wastes more metabolic energy during overproduction than small tags do (Malhotra 2009; Waugh 2005) . These drawbacks motivated us to develop a method utilizing shorter silica-binding tags and milder elution conditions for silica-based affinity purification.
We recently reported that silica is deposited on the coat of Bacillus cereus spores as a layer of nanometer-sized particles . The spore coat is a proteinaceous shell composed of more than 50 proteins (Henriques and Moran 2007) . Gene disruption analysis revealed that the spore coat protein CotB1 (171 aa) mediates the accumulation of silica (Motomura et al. in preparation) . We also found that the Cterminal 14-aa region (corresponding to residues 158-171) is rich in positively charged and serine residues (five arginine and three serine residues). Such features are similar to those of the well-characterized silica-precipitating peptides (silaffins) isolated from diatoms (Pamirsky and Golokhvast 2013) , suggesting that CotB1, particularly its C-terminal 14-aa region (designated CotB1p), interacts with silica surfaces (Motomura et al. in preparation) .
In this report, we demonstrate that CotB1 binds strongly to silica surfaces. CotB1p also binds to silica surfaces, with affinity comparable to that of CotB1, suggesting that the Cterminal 14-aa region of CotB1 mediates silica binding. To develop a recombinant protein purification method using CotB1/CotB1p as silica-binding tags, we employed small ubiquitin-like modifier (SUMO) technology (Butt et al. 2005; Malakhov et al. 2004; Marblestone et al. 2006) to facilitate release of the target protein from the solid phase (Lee et al. 2008) . The combination of silica-binding CotB1/ CotB1p and SUMO-protease-mediated site-specific cleavage at the C-terminus of the fused SUMO sequence enables purification of tagless target proteins with high purity and yield.
Materials and methods

Materials
Silica particles (α-quartz) with a diameter of approximately 0.8 μm were purchased from Soekawa Chemical Co., Ltd. (Tokyo, Japan) and used without any pretreatment. SUMO protease (with an N-terminal His-tag) was purchased from LifeSensors, Inc. (Malvern, PA, USA). All chemicals used in this study were of analytical grade.
Construction of expression plasmids for GFP-CotB1 and GFP-CotB1p fusions
The DNA fragment encoding CotB1 was amplified by polymerase chain reaction (PCR) from B. cereus ATCC 14579 genomic DNA using the primers CotB1-F and CotB1-R (a list of the primers used in the study is shown in Table 1 ). The resulting PCR fragment was digested with HindIII and XhoI and then inserted into the HindIII-XhoI sites of pET-47b (Novagen/Merck KGaA, Darmstadt, Germany). The resulting plasmid was designated pET-CotB1. Subsequently, a green fluorescent protein (GFP)-encoding DNA fragment was amplified by PCR from pGFPuv (Clontech Laboratories, Inc., Mountain View, CA, USA) using the primers GFP-F and GFP-R. The resulting PCR fragment was digested with SacII and EcoRI and then cloned into the SacII-EcoRI sites of pETCotB1. The resulting plasmid was designated pET-GFPCotB1.
Inverse PCR using the primers CotB1p-F and CotB1p-R with pET-GFP-CotB1 serving as the template and self-ligation of the resulting amplified DNA were employed to construct pET-GFP-CotB1p. Another round of inverse PCR was performed using the primers GFP-CotB1-F and GFP-CotB1-R, and the resulting amplified DNA was self-ligated to construct pET-GFP.
Expression and purification of GFP-CotB1 and GFP-CotB1p
The expression plasmids pET-GFP-CotB1, pET-GFPCotB1p, and pET-GFP were introduced into Escherichia coli Rosetta(DE3)pLysS (Novagen/Merck KGaA). The transformants were grown at 37°C in 2× YT medium (Green and Sambrook 2012) supplemented with 50 μg/ mL of kanamycin and 30 μg/mL of chloramphenicol. When the culture reached an optical density at 600 nm of 0.5, 0.2 mM isopropyl-β-D-thiogalactopyranoside was added to the medium to induce expression of the recombinant proteins. After an additional 8 h of cultivation at 28°C (for pET-GFP-CotB1) or 4 h at 37°C (for pET-GFP-CotB1p and pET-GFP), the cells were harvested by centrifugation, and the resulting pellets were resuspended in 25 mM TrisHCl buffer (pH 8.0) containing 20 % (v/v) glycerol. The Purified GFP-CotB1 and GFP-CotB1p were diluted to various concentrations (10-100 nM) in 1 mL of 25 mM sodium phosphate buffer (pH 8.0). The diluted protein solutions were then mixed with 10 μL of 10 mg/mL silica particle suspension (corresponding to 0.1 mg dry weight of silica particles). After incubation for 15 min, the silica particles were removed by centrifugation at 5,000×g for 2 min. The amount of each fusion protein bound to the silica particles was determined by subtracting the fluorescence intensity associated with the GFP remaining in the supernatant from the initial fluorescence intensity. The resulting data were fitted to the Langmuir isotherm to determine the K d value.
Construction of expression plasmids for CotB1-SUMO-mCherry (CotB1-SC) and CotB1p-SUMO-mCherry (CotB1p-SC) fusions
In order to construct fusion proteins consisting of CotB1 (or CotB1p), SUMO, and a protein of interest, we first constructed plasmids carrying the gene encoding either the CotB1-SUMO or CotB1p-SUMO fusion followed by two BsaI sites for cloning the protein of interest (Panavas et al. 2009 ). The amino acid sequence of either CotB1 or CotB1p was fused with that of SUMO (Saccharomyces cerevisiae Smt3p; accession number NP_010798), in that order, with an intervening GGGS linker. The nucleotide sequences of the CotB1-SUMO and CotB1p-SUMO fusion genes were designed in order to optimize codon usage for translation in E. coli. The BsaI cloning sites and adjacent sequences, which were described by Panavas et al. (2009) , were added downstream of the fusion gene so that the protein of interest could be fused directionally to the C-terminus of SUMO without any additional sequence. Because SUMO protease selectively cleaves the polypeptide chain at the Gly-Gly motif located at the C-terminal end of the SUMO sequence in the resulting fusion protein, the desired protein with an authentic N-terminus would be released when the gene of interest is appropriately cloned downstream of the SUMO gene (Malakhov et al. 2004 ). In addition, an NdeI site was added at the ATG start codon of the fusion gene, and a BamHI site was added downstream of the BsaI sites. The two designed DNA fragments (nucleotide sequences are shown in Figs. S1 and S2, which are available as electronic supplementary material) were synthesized by BEX Co., Ltd. (Tokyo, Japan) and cloned into the NdeI-BamHI sites of pET-24b (Novagen/Merck KGaA). The resulting plasmids were designated pET-CotB1-SUMO (carrying the CotB1-SUMO fusion gene) and pET-CotB1p-SUMO (carrying the CotB1p-SUMO fusion gene). The gene encoding the fluorescent protein mCherry (Shaner et al. 2004 ) was amplified by PCR from pmCherry (Clontech Laboratories, Inc.) using the primers mCherry-F and mCherry-R (Table 1 ). The amplified fragment was digested with BsaI and cloned into the BsaI-digested pETCotB1-SUMO and pET-CotB1p-SUMO plasmids to construct pET-CotB1-SC and pET-CotB1p-SC, respectively.
Inverse PCR using the primers mChe-SUMO-F and mChe-SUMO-R with pET-CotB1-SC serving as the template and self-ligation of the resulting amplified DNA were employed to construct pET-SUMO-mCherry.
Expression of CotB1-SC and CotB1p-SC
The expression plasmids pET-CotB1-SC, pET-CotB1p-SC, and pET-SUMO-mCherry were introduced into E. coli Rosetta(DE3)pLysS, and the transformants were grown in 2× YT medium as described above. When the culture reached an optical density at 600 nm of 0.5, 0.2 mM isopropyl-β-Dthiogalactopyranoside was added to the medium to induce protein expression. After an additional 8 h of cultivation at 28°C (for pET-CotB1-SC) or 4 h at 37°C (for pET-CotB1p-SC and pET-SUMO-mCherry), the cells were harvested by centrifugation, and the pellets were stored at −80°C until use.
Optimization of silica-binding conditions
The CotB1-SC and CotB1p-SC fusion proteins were expressed in E. coli Rosetta(DE3)pLysS harboring either pET-CotB1-SC or pET-CotB1p-SC, respectively, as described above. Cell pellets harvested from 1-mL cultures (typically 10 mg wet weight of cells) were suspended in 0.5 mL of 25 mM Tris-HCl buffer at various pHs (pH 7.0-9.0) or 25 mM sodium phosphate buffer (pH 6.0-8.0) and disrupted by sonication. After centrifugation at 20,000×g for 30 min, the supernatants (cleared cell lysates) containing the recombinant proteins were mixed with 0.5 mL of silica-particle suspension in the same buffer (final silica concentration of 25 mg dry weight/mL) for 15 min at room temperature. Silica particles with bound protein were collected by centrifugation at 5,000×g for 2 min and then washed three times with 1 mL of the same suspension buffer. After the supernatant was carefully removed, proteins still bound to the particles were released by boiling in Laemmli sample buffer (Laemmli 1970) for 5 min and analyzed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE; 15 %). Gels were stained with Coomassie brilliant blue (CBB) R-250, and the target protein was quantified by densitometric analysis using ImageJ software, version 1.41 (Schneider et al. 2012) .
Similar experiments were conducted in 25 mM Tris-HCl buffer (pH 8.0) with varying concentrations of silica (0-30 mg dry weight/mL) and nonionic detergent (0-1.5 % [v/v] Tween 20 or Triton X-100) for varying periods of incubation time (1-30 min).
Affinity purification of mCherry using CotB1/CotB1p as a silica-binding tag Cell pellets harvested from 10-mL cultures were resuspended in 2 mL of 25 mM Tris-HCl buffer (pH 8.0) and disrupted by sonication. After centrifugation at 20,000×g for 30 min, the cleared cell lysates were mixed with 250 mg dry weight of silica particles by gentle rotation for 15 min at room temperature. After centrifugation at 5,000×g for 2 min, the particles were washed three times with 25 mM Tris-HCl buffer (pH 8.0) containing 150 mM NaCl and then resuspended in 2 mL of the same buffer. SUMO protease (80 units) was then added to the suspension. After 3-h incubation at room temperature, the suspension was centrifuged at 5,000×g for 2 min. The resulting supernatants containing the cleaved mCherry protein were collected and analyzed by SDS-PAGE. The protein concentration was determined using the Bradford method (Bradford 1976 ) with bovine serum albumin as the standard.
Nucleotide sequence data
The nucleotide sequences of the CotB1-SUMO and CotB1p-SUMO fusions are available in the DDBJ/EMBL/GenBank databases under the accession numbers AB904509 and AB904510, respectively.
Results
Binding of GFP-CotB1 and GFP-CotB1p to silica particles
To test whether CotB1 and its C-terminal 14-aa peptide CotB1p bind to silica surfaces, we constructed the respective GFP fusion proteins (Fig. 1) . Cleared lysates of recombinant E. coli cells expressing GFP-CotB1, GFP-CotB1p, or GFP as a control were mixed with silica particles for 15 min at room temperature. Silica particles with bound protein were collected by centrifugation and washed three times with 25 mM TrisHCl buffer (pH 8.0) containing 0.5 % (v/v) Tween 20. Proteins remaining bound to the particles were released by boiling in Laemmli sample buffer (Laemmli 1970) and then analyzed by SDS-PAGE. Densitometric analysis of the CBB-stained gel showed that 65 % of the GFP-CotB1 and 60 % of the GFPCotB1p fusion proteins bound to the silica particles, whereas GFP alone did not bind to silica particles under the experimental conditions used (data not shown). These results clearly indicate that both CotB1 and CotB1p function as silicabinding fusion tags.
We then evaluated the silica-binding affinity of GFPCotB1 and GFP-CotB1p. Adsorption data for the purified proteins mixed with silica particles were fitted to the Langmuir isotherm (Fig. 2) . The silica-binding K d values for GFPCotB1 and GFP-CotB1p were 2.09 and 1.24 nM, respectively. The maximum amount of GFP-CotB1 and GFP-CotB1p bound was 44.6 and 25.1 μg/mg dry weight of silica particles (corresponding to 0.91 and 0.82 nmol/mg of silica), respectively.
Optimization of silica-binding conditions
In the strategy we adopted for development of a silica-based affinity purification method using CotB1/CotB1p, silica particles were used as an adsorbent for the CotB1/CotB1p fusion proteins. To release the target protein from the adsorbed fusion proteins using this approach, we introduced a protease recognition site between the N-terminal CotB1/CotB1p tag and the C-terminal target protein. Addition of the appropriate protease would then result in cleavage of the silica-bound fusion protein and release of the tagless target protein into the liquid phase, with the tag region remaining bound to the solid phase. In the following experiments, we used CotB1/ CotB1p, SUMO, and mCherry fusion proteins (designated CotB1-SC and CotB1p-SC; Fig. 1 ) as models to evaluate the affinity purification method. The fluorescent protein mCherry was selected as the model target protein, and SUMO, the Cterminal end of which is selectively cleaved by SUMO protease, was introduced as the protease recognition site.
To maximize the yield of our affinity purification method, we determined the optimal silica-binding conditions for CotB1/CotB1p fusion proteins using cleared lysates of recombinant E. coli cells expressing CotB1-SC or CotB1p-SC. Lysates of cell pellets harvested from 1-mL cultures (typically 10 mg wet weight of cells) were mixed with silica particles in a total volume of 1 mL, and the amount of protein bound to the silica particles was determined by SDS-PAGE as described in the "Materials and methods" section.
We first determined the optimal pH for silica binding, examining the pH range 6.0-9.0. Both the CotB1 and CotB1p fusion proteins bound to silica over a wide pH range, with slightly different optimal pH values (Fig. 3a) . In contrast, SUMO-mCherry (without CotB1 nor CotB1p) did not bind to silica particles at any pH examined (data not shown), confirming that CotB1 (particularly the C-terminal CotB1p region) mediates silica binding. Because over 90 % of both CotB1-SC and CotB1p-SC bound to silica at pH 8.0, the following experiments were performed in 25 mM Tris-HCl buffer at pH 8.0.
Next, we determined the optimal silica concentration. The amount of the bound protein increased proportionally to the amount of silica particles added, reaching a plateau of >90 % binding of the fusion proteins with addition of >25 mg dry weight of silica particles in the 1-mL cleared lysate solution typically containing 10 mg wet weight of cells (Fig. 3b) . At a silica concentration of 25 mg dry weight/mL, approximately 85 % of both fusion proteins adsorbed to the silica particles during the first minute of the incubation, and the amount of protein adsorbed reached a plateau within 15 min (Fig. 3c) .
Finally, we investigated the effect of adding detergent to the binding buffer because nonionic detergents (e.g., Tween 20 and Triton X-100) have been used in other studies to reduce nonspecific binding of host proteins to silica surfaces (Bolivar and Nidetzky 2012; Castelletti et al. 2000) . Although we also found that addition of Tween 20 or Triton X-100 did reduce the degree of nonspecific binding of host proteins to the silica particles (data not shown), these detergents also reduced the binding of CotB1-SC and CotB1p-SC (Fig. 3d) . Therefore, no detergents were added to the binding buffer in the subsequent experiments. 1-4) or CotB1p (lanes 5-8) was used as a silica-binding tag. Lanes 1 and 5 cell lysate, lanes 2 and 6 silica-bound fraction, lanes 3 and 7 silica-bound fraction after SUMO protease treatment, lanes 4 and 8 proteins released from solid phase after SUMO protease treatment, lane M molecular mass markers. For lanes 2, 3, 6, and 7, proteins bound to silica particles were released by boiling in Laemmli sample buffer (Laemmli 1970) . Proteins were stained with CBB R-250. Open arrowheads indicate the expressed CotB1-SC and CotB1p-SC fusion proteins. Closed arrowheads indicate the CotB1-SUMO and CotB1p-SUMO fragments after SUMO protease treatment Affinity purification of mCherry using CotB1/CotB1p as silica-binding tags Using the optimized conditions described above, CotB1-SC (57.5 kDa) and CotB1p-SC (39.9 kDa) were isolated from cleared cell lysates by immobilization on silica particles and analyzed by SDS-PAGE (Fig. 4, lanes 2 and 6, open arrowheads). Some host proteins also adsorbed onto and remained adsorbed to the silica particles even after washing. To recover the tagless mCherry protein from the bound fusion proteins, we added SUMO protease to the suspension of CotB1-SC-or CotB1p-SC-bound silica particles. SDS-PAGE analysis revealed that most of each of the recombinant proteins was cleaved after 3 h of incubation and that the CotB1-SUMO and CotB1p-SUMO fragments (30.8 and 13.2 kDa, respectively) remained bound to the silica particles (Fig. 4, lanes 3  and 7, closed arrowheads) . The mCherry fragment (26.7 kDa) was released into the supernatant (Fig. 4, lanes 4 and 8) . Because we used much less SUMO protease compared with the recombinant proteins (less than 0.1 % [w/w]), the SUMO protease band (~26 kDa) was not visible on SDS-PAGE (Fig. 4, lanes 4 and 8) . The discrepancies between the calculated molecular masses and pattern of band migration on the gel could be ascribed to aberrant migration of the SUMO band (Marblestone et al. 2006) as well as the mCherry band (the mCherry parental protein mRFP1 [25.4 kDa] migrates as a >30-kDa band on SDS-PAGE [Campbell et al. 2002] ). Densitometric analysis of the CBB-stained protein bands showed that the purity of the released tagless mCherry was approximately 95 %.
Typical results for the affinity purification of mCherry using the CotB1-SC and CotB1p-SC fusion proteins are summarized in Tables 2 and 3 , respectively. The mCherry recovery rate was approximately 85 %, with yields of 0.60±0.06 and 1.13±0.13 mg (mean ± standard deviation from three independent experiments) per 10-mL culture for CotB1-SC and CotB1p-SC, respectively. The 2-fold higher yield obtained with CotB1p-SC compared to CotB1-SC was due to higher expression of CotB1p-SC in E. coli (Tables 2 and 3 ).
Discussion
In this study, we found that the B. cereus spore coat protein CotB1 and its C-terminal 14-aa peptide CotB1p bind to silica surfaces. We demonstrated that both proteins function as silica-binding tags when fused to other proteins at either the N-or C-terminus. The resulting fusion proteins can be easily immobilized on silica surfaces by mixing the proteins in a solution with silica materials.
Our results strongly suggest that the 14-aa CotB1p region of CotB1 plays a crucial role in binding to silica because both CotB1p and full-length CotB1 showed comparable affinity for silica (Fig. 2) . The amino acid sequence of CotB1p (SGRA RAQRQSSRGR) is rich in positively charged arginine residues. CotB1p therefore has a high net positive charge, with a theoretical isoelectric point of 12.6. In contrast, the surface of silica is negatively charged under either neutral or basic conditions (Iler 1979) , suggesting that electrostatic attraction is a major driving force behind the binding of CotB1p (and also CotB1) to silica. This is also supported by the fact that the binding of CotB1p was inhibited at high ionic strength; in the presence of 1.0 M NaCl, only 15 % of CotB1p-SC bound to the silica particles (data not shown). Although the CotB1/ CotB1p fusion proteins constructed in this study have a net negative charge, with theoretical isoelectric points of 5.3-6.8, these proteins bound to silica surfaces via CotB1/CotB1p. These results suggest that the positive charges in the CotB1p region of the fusion protein are capable of interacting with the negatively charged silica surface even though the net charge of the overall protein molecule is negative. Although both CotB1 and CotB1p bind to silica, we believe that the latter is a more promising silica-binding tag because of its small size. The CotB1p fusion protein was expressed more efficiently in E. coli than was the CotB1 fusion protein (Tables 2 and 3 ). In addition, the CotB1 fusion proteins (i.e., GFP-CotB1 and CotB1-SC) tended to form insoluble inclusion bodies in E. coli when expressed at 37°C, whereas both the CotB1p fusions (i.e., GFP-CotB1p and CotB1p-SC) and tagless proteins (i.e., GFP and SUMOmCherry) were expressed in the soluble form in E. coli at 37°C (data not shown). These differences could be attributed to the larger molecular mass of CotB1, as increasing molecular mass tends to negatively affect the expression of fusion proteins.
To use the CotB1/CotB1p tags for silica-based affinity purification of target proteins, we employed SUMO technology to cleave the target protein from the silica-bound fusion protein. Using mCherry as a model target protein, we demonstrated that our novel affinity purification method is highly efficient. The purity and yield obtained using our method are as high as the values reported by Lichty et al. (2005) for conventional affinity tags. One of the advantages of our method is that it enables the removal of the affinity tag and recovery of a tagless target protein with an authentic N-terminus. Fused affinity tags that remain after purification may affect the intrinsic activity of the target protein and/or interfere with downstream analyses, such as determination of protein structure. The presence of a tag on a target protein is particularly unsuitable for therapeutic applications. Therefore, many approaches (most of which involve protease cleavage at the junction) have been developed to remove affinity tags from recombinant proteins (Arnau et al. 2006; Waugh 2011) . However, the endoproteases that are commonly employed in these approaches have several disadvantages, for example, nonspecific cleavage of the target protein at locations other than the designed site and/or retention of nonnative amino acid(s) in the sequence of the protein of interest (Arnau et al. 2006; Jenny et al. 2003; Waugh 2011) . In contrast to commonly used endoproteases, which recognize short, linear sequences (generally 4-8 aa), SUMO protease specifically recognizes the tertiary structure of SUMO and cleaves the polypeptide chain at the C-terminal end of the SUMO sequence, enabling the release of peptides or proteins with any desired N-terminal residue except proline (Malakhov et al. 2004) . Therefore, our affinity purification method can be used to recover a wide variety of tagless proteins at high purity. Another advantage of our method is that protein elution does not require the addition of any harsh chemicals that could adversely affect protein activity.
Although the amount of SUMO protease used in this study for the release of the target protein was much less than the amount of the recombinant proteins used (see the "Results" section), further purification of the eluted, cleaved target protein necessitates removal of the SUMO protease from the solution. Because most commercially available SUMO proteases contain a His-tag, they can be easily removed by immobilized metal ion affinity chromatography (Panavas et al. 2009 ). Albeit beyond the scope of this study, construction of CotB1/CotB1p-fused SUMO proteases might also be useful because these proteins would be retained on silica surfaces along with the CotB1/CotB1p-SUMO fragments after cleavage of the fusion protein.
Because of its small size and high affinity for silica, the CotB1p tag should be a powerful tool not only for the affinity purification application reported in this paper but also for enzyme immobilization on silica supports and for developing silicon-based biomaterials, as has been reported for other silica-binding peptides and proteins (Bolivar and Nidetzky 2012; Choi et al. 2011; Fukuyama et al. 2010 Fukuyama et al. , 2011 Hnilova et al. 2012; Pamirsky and Golokhvast 2013; Yamatogi et al. 2009 ). We are currently developing siliconbased biomaterials using this promising tag as an interface.
